We demonstrate that the recently observed X, Y, Z states cannot be purely from kinematic effect. Especially the narrow near-threshold structures in elastic channels call for nearby poles of the Smatrix which are qualified as states. We propose a way to distinguish cusp effects from genuine states and demonstrate that (not all of) the recently observed X, Y, Z states cannot be purely from kinematic effects. Especially, we show that the narrow near-threshold structures in elastic channels call for nearby poles of the S -matrix, since the normal kinematic cusp effect cannot produce that narrow structures in the elastic channels in contrast to genuine S -matrix poles. In addition, it is also discussed how spectra can be used to distinguish different scenarios proposed for the structure of those poles, such as hadro-quarkonia, tetraquarks and hadronic molecules. The basic tool employed is heavy quark spin symmetry.
Introduction
In the last decade many narrow structures were observed which do not fit into the well-established quark model in both charmonium and bottomonium sectors. Most of them are located close to nearby S -wave open flavor thresholds. For instance, in the charmonium sector X(3872) and Z c (3900) are close to the DD * (here and in the following, one of the two open-flavor mesons contains a heavy quark and the other contains a heavy anti-quark) threshold and Z c (4020) is close to the D * D * , while in the bottomonium sector the Z b (10610) and Z b (10650) are close to BB * and B * B * , respectively. Due to their proximity to the thresholds, various groups conclude that those structures are simply kinematical effects [1, 2] (and references therein) which occur near every S -wave threshold. In contrast to this there are many publications where the experimental signatures are interpreted as states with various suggestions for the underlying structure. The most prominent proposals are hadro-quarkonia [3, 4] , hybrids [5] [6] [7] , tetraquarks [8] [9] [10] [11] [12] [13] [14] and hadronic molecules [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
This contribution consists of two parts. In the first part we demonstrate that although there is always a cusp at the opening of an S -wave threshold, it cannot produce a narrow pronounced structure in the elastic channel (the channel where the final state agrees to the channel that produces the cusp) from a perturbative rescattering [34, 35] . As a consequence of this, the narrow structures in elastic channels as observed in experiments necessarily call either for nonperturbative interactions between heavy mesons that lead to poles of the S -matrix or call for poles formed on the quark level. Having established that we need to talk about genuine states, in the second part of this contribution, we employ heavy quark spin symmetry (HQSS) to distinguish three different dynamical models, i.e. hadro-quarkonia, tetraquarks and hadronic molecules based solely on their mass spectra [36] .
Kinematic effect or S-matrix pole?
In this section, we analyse the existing data of Z c (3900) observed in Y(4260) → πDD * to illustrate our argument about how to distinguish the presence of an S -matrix pole from a purely kinematic effect. However, it should be clear that the conclusion is more general and can be applied to all narrow structures near S -wave thresholds such as those XYZ states mentioned above. To illustrate this point, we do not aim at field theoretical rigor but use a separable interaction for all vertices,
and a Gaussian regulator
for each loop. Here Y µ , D, D * µ and π are the fields for the Y(4260), D, D * and π, respectively. The coupling g Y is the source term strength and C is the DD * rescattering strength. It is the size of this parameter that will eventually allow us to decide whether the rescattering effect is perturbative or not. In the regulator, p is the three momentum of the D-meson in the center-of-mass (c.m.) frame of the DD * system and Λ is the cut-off parameter. Therefore, the loop function reads
where
e t 2 dt. For the kinematic explanations of these XYZ states [1, 2] , it was claimed that the sum of treelevel ( Fig.1 (a) ) and one-loop ( Fig.1 (b) ) diagram can describe the invariant mass distribution quantitatively. In other words, the claim is that the rescattering process is perturbative and one does not need to add also the higher order loops. We confirm the result of the calculation by employing the tree-level diagram plus the one-loop diagram to fit the new data from BESIII [37] as shown by the red solid curve in Fig. 2 (a) . The fitted parameters are
The results shown here are updated compared to our previous results [35] where the used data did not unambigously identify the DD * final state. In contrast to this for the new data the final state was measured exclusively. This leads to a moderate decrease of the data at the higher energies. We find that this decrease requires an increase in the rescattering strength, without changing the general reasoning. In particular, also from this analysis it follows that one has to sum all the bubble loops up to infinite order for a consistent treatment. To illustrate this point we plot the full two-loop contribution Turning the argument around, we can see that the perturbative requirement, namely that the twoloop contribution is at most half of the one-loop contribution, cannot produce the pronounced nearthreshold structure as shown by the dot-dashed line in Fig. 2 (a) . The crucial point of this analysis is that in the elastic channel the contribution from the source term ( Fig. 1 (a) ), as shown by the dotted curve in Fig. 2 (a), can be disentangled from the DD * rescattering process Fig. 1 (b) . The former one is fixed by the DD * invariant mass distribution above ∼ 3.94 GeV and the latter one is used to explain the near-threshold structure.
As discussed above, since the narrow near-threshold structure means a nonperturbative rescattering process, one needs to sum all the bubble loops to infinite order. Doing this to fit the data we find for the parameters
The fit results are shown in Fig. 2 (b) . With the above fitted parameters, we find a pole below the DD * threshold with the binding energy 0.59 MeV. This demonstrates that a narrow pronounced nearthreshold structure in the elastic channel requires a pole in the S -matrix and cannot be produced from kinematic effects alone. Our reasoning is in contrast to that of Ref. [2] , which is to our knowledge the only work so far that claims a kinematic origin for the near-threshold structures and also looks at the elastic channel. It should be stressed that in this work, while the structures in the inelastic channels are explained as cusps, those in the elastic channels come solely from the form factors employed. In this way our argument presented above is evaded. However, from our point of view the problem of this explanation is that it appears unnatural to explain both the narrow structure as well as the higher energy tail in the elastic channels as form factors because this calls for the simultaneous presence of drastically different length scales in the production vertex. We therefore do not regard the mechanism of Ref.
[2] as a plausible explanation for the near threshold structures observed. Thus, for the rest of these proceedings we regard it as established that the XYZ structures are states and discuss a certain proposal, how their internal structure could be disentangled experimentally.
Different scenarios for the XY Z states
Having established that the XYZ states require a near-threshold pole structure in the elastic channel we now discuss how to distinguish different models for these poles such as hadro-quarkonia, tetraquarks and hadronic molecules [36] .
Hadro-quarkonia
The hadro-quarkonium picture was proposed by Voloshin [3, 4] 
qq are the wave functions of the J PC = 1 −− hadro-charmonia with a 1 +− and 1 −− cc core charmonium, respectively. Since the leading order interaction between the heavy core and the light meson cloud is not dependent on the spin of the heavy core, spin partners for the heavy hadro-quarkonia can be identified by replacing the core with the corresponding spin partner [36] . Accordingly, the spin partners of Y(4260) and Y(4360) are found by replacing the ψ ′ in the core of ψ 3 by η ′ c and replacing the h c in the ψ 1 state by any of the three χ cJ states. The relative mixing amplitude can be obtained by constructing an CP-odd operator with the HQSS breaking [36] 
Hence, the mixing amplitude of the pseudoscalar sector is larger by a factor √ 3 than that in the vector sector. The resulting masses of these hadro-charmonia are shown in Fig. 3 as an illustration. We notice The search for these partners will provide more insights into the nature of the two Y states. For the two pseudoscalar states, i.e. η c (4140) and η c (4320), the large mixing amplitude leads to masses that allow both of them to decay into η (′) c ππ and χ c0 ππ. Because of their quantum numbers the states cannot be produced directly in e + e − collisions. An alternative way for searching for them is in B meson decays, e.g.
c π + π − as suggested in Ref. [39] for the search of the spin partner of the Y(4660). Another way to search for these two pseudoscalars is the radiative decays of Y(4260) and Y(4360) via their ψ ′ component. Since the branching ratio of ψ ′ → γχ c0 is two orders of magnitude larger than that for ψ ′ → γη ′ c , one could expect to observe these two states in the e + e − → γχ c0 η process at center-of-mass energies around the masses of the Y(4260) and the Y(4360). The states η c1 (4310) and η c2 (4350) can be searched for in analogous processes in the decays of Y(4360) with the χ c0 in the final state replaced by the χ c1 and χ c2 , respectively. The search for the above states can be performed at BESIII or a future high-luminosity super tau-charm factory.
Tetraquarks
Among the different tetraquark scenarios we here focus on the compact diquark-antidiquark states suggested by Maiani et al. [8] for simplicity. It is a straightforward extension of the quark model. Since the four-quark system is bound by the effective gluon exchanges, the isoscalar tetraquark is mostly degenerate with the isovector tetraquark similar to the ρ-ω degeneracy in the light meson sector.
In this model, the mass of a tetraquark is given by [8, 36] 
with s ands the total spin of diquark and antidiquark system, S the total spin, L the relative orbital angular momentum between diquark and antidiquark system, J the total angular momentum. The parameters B c , a and κ cq are defined such that they are positive to fit to the masses of selected states. As a result, the mass of the tetraquarks increases with increasing L and S , but decreases for growing J, which is a rather unusual feature for composite systems. As discussed above, the most striking feature is a very rich spectroscopy emerging in the tetraquark model, as shown in Fig. 4 . In what follows, we will limit the discussion of the implications of the model to S -wave and P-wave tetraquark states only [36] . Since the isospin singlet and triplet are almost degenerate, there should be in total 24 S -wave tetraquark states even without considering radial excitations, which are expected to be about 400 MeV heavier than the corresponding ground states [8] . Among the ground states, the authors of Ref. [8] identified the X(3872) as the isoscalar 1 ++ ground state and Z c (3900) and Z c (4020) as the iso-triplet 1 +− ground states, respectively. One may also assign X(3915) and X(3940) as 0 ++ and 2 ++ , respectively [8] , although there are sizeable deviations between the predicted and the empirical values of the masses, cf. Fig. 4 . Therefore, at least 15 more S -wave tetraquarks still needs to be observed or identified.
For the P-wave tetraquarks, there are four iso-singlet 1 −− states without radial excitations. Three of them are identified as the Y (4008) [8] . Thus, besides the first radial excitations, only 6 of 112 (28 if considering only the iso-singlet ones) P-wave tetraquark states have candidates so far. As shown in Fig. 4 (b) , there are two exotic quantum numbers, i.e. 0 −− and 1 −+ , and two 0 −+ states which might mix with each other. Since the mass decreases with the increasing J, a rather light charmonium(-like) state with J = 3 is the particular feature of the discussed tetraquark picture [8] .
Hadronic molecules
A hadronic molecule is an extended object which is composed of two or more narrow hadrons via their nonperturbative interactions. Because of their relatively narrow widths the ground state hadrons have a long enough life time to form a bound state. Since some of the XYZ states are close to S -wave thresholds and strongly couple to the corresponding continuum states, an interpretation as hadronic molecules appears quite natural. In this contribution, we focus on the interaction of the members of two narrow charmed meson doublets with one of them contain ac quark. Those are characterized by the quantum numbers of their light degrees of freedom, namely s P ℓ = There are two kinds of interaction between them: the long-ranged one-pion exchange and short-ranged interactions. The latter need to be fixed by a fit to experimental data. Since there are not enough data available, for now we mostly restrict the discussion to qualitative statements based on the pion exchange potential. As a result, instead of a prediction for the spectrum we show the potentially relevant thresholds for the Fig.5 ). However, this already allows us to highlight some striking features of hadronic molecules which can be used to distinguish them from the hadro-charmonium and tetraquark scenarios.
There is one exception to this lack of predictive power: as discussed in [29] , to leading order the potentials for 1 ++ and 2 ++ are identical, which means an iso-singlet hadronic molecule with quantum number 2 ++ near the D * D * threshold would have a large probability to exist if the X(3872) is assigned as an iso-singlet DD * molecule.
As is well-known the one-pion exchange potential has different signs in the iso-singlet and isotriplet channels. Hence it is natural that an iso-triplet state does not exist if the D meson pair forms an iso-singlet and vice versa. This means we do not expect any iso-triplet state with quantum numbers 1 ++ or 2 ++ . Due to the same reason, once Z c (3900) and Z c (4020) are assigned as isovector DD * and D * D * hadronic molecules, one would not expect to find isoscalar hadronic molecules with quantum number 1 +− at the similar mass region. For the 0 ++ channel the absence of the one-pion exchange in the DD diagonal potential prevents us from speculating about the existence of molecular structures with these quantum numbers.
For the 1 2 + 3 2 system, because there are two kinds of one-pion exchange contributions, i.e. tchannel and u-channel exchange diagrams. They depend on different products of unknown coupling constants, and thus no strong conclusion can be drawn regarding the existence or non-existence of these states. Yet, one may still have reasonable speculations without dynamical analysis. For instance, since hadronic molecules exist near the S -wave thresholds, the lightest tetraquark picture and very different from that in the hadro-charmonium picture where the 0 −+ state is expected to be the lightest one. Another way to distinct between molecular and tetraquark scenarios is the location of the J = 3 state. It will be the lightest state in the tetraquark picture, but close to the D 2 D * threshold (cf. Fig. 5 ) in the molecular picture.
Summary and Outlook
In this contribution, we demonstrate that a narrow pronounced peak in the elastic channel cannot be produced by purely kinematic effects. A consistent treatment of these narrow structures necessarily calls for poles in the S -matrix which correspond to physical states. To further explore the nature of these XYZ states, namely whether they are hadro-charmonia, tetraquarks or hadronic molecules, we study their spectra in those different scenarios using mainly HQSS and identify their distinctive features. The prominent components of those puzzling states need to be identified by further experiments and detailed analysis, which will deepen our understanding of QCD in the nonperturbative regime.
